Interlaminar shear properties of the fibre reinforced polymer composites are very important in many structured applications. Interlaminar shear strength (ILSS) of a unidirectional fibre reinforced polymer composite laminate is usually a limiting design characteristic. And also it has been reported that, the interlaminar shear strength of fibre reinforced polymer composites may be improved by the modification of the matrix. In this paper, diglycidyl ether of bisphenol A (DGEBA) / triethylene tetramine (TETA) system is used as the epoxy matrix. Alumina nanoparticles are employed to modify the epoxy matrix at various concentrations. Unmodified and modified epoxy resins are used along with unidirectional glass fibres for fabricating composite laminates by vacuum bagging process. The interlaminar shear strength of the glass fibre reinforced composites at different orientation of the laminate is investigated and the results indicate that introduction of the alumina nanoparticles up to 0.8 wt%, enhances the ILSS in all the direction of fibres, while addition up to 1.2 wt% decreases the ILSS. Also, the percentage of enhancement in the ILSS is found to be altered in different direction of fibre orientation. In particular, the addition of 0.8 wt% alumina nanoparticles leads to the 2.07%, 8.71% and 18.02% increase in the ILSS for the composite in the direction of 0 o , 45 o and 90 o fibre orientation respectively. These phenomena are explained in terms of agglomeration of nanoparticles and dominant properties of fibres and matrix in different angles of fibre orientations.
Introduction
Use of glass fibre reinforced polymer composite material for structural applications has increased because of their high specific stiffness/strength, especially for applications where weight reduction is critical [Millerschin E & Rajanish M 2013, et. al] .
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The mechanical properties of the fibre reinforced polymer composite material may be improved by the addition of nano fillers in the polymeric matrix [Cs. Varga & Rajanish M 2014, et. al] . The Interlaminar shear strength of the FRP composite is very important in many structural applications. Thus, the enhancement of ILSS of a composite is of high importance. Many researchers tried to improve the properties of the polymer by introducing different types of reinforcing elements like nanoparticles, fibres and their combinations [Whitney JM & Yu Liu] . The mechanical, electrical and thermal properties of nanomaterials have made them interesting materials for the use, as fillers in polymers. An efficient exploitation of the properties of the nanoparticles in order to improve the material performance generally related to the degree of dispersion, impregnation with matrix and to the interfacial adhesion [J. H. Koo,2006] . The advantage of the nano scaled particles compared to the micro scaled fillers is their enormous surface area, which can act as interface for stress-transfer. However, a high specific surface area causes the formation of agglomerates. The agglomerates of the nanocomposite are difficult to separate and to infiltrate with the matrix. Hence an efficient technique has to be employed to disperse nanoparticles in epoxy resins showing better dispersibility [Muneaki Kurimoto, 2007] . A replacement of fibres by the nanoparticles in FRP can be regarded as unrealistic, due to the highly developed and well-established conventional fibre reinforcement of a polymer and their still unmatched level of material properties. Nevertheless, the combination of nanoparticles modified matrix together with the conventional fibre reinforcements (e.g. Carbon, glass or aramid fibres), could lead to the new generation of a multi functional material [Florian H. Gojny, 2005] . In some of the studies, fibre orientations are considered to be continuous design variables and a finite set of angles are chosen during the design process because of the difficulty of exactly orienting fibres along a given direction. This work explains the influence of the alumina nanoparticles on the interlaminar shear strength of glass/epoxy composite at 0 The base resin; diglycidyl ether of bisphenol A (DGEBA) and hardener; triethylene tetramine supplied by Ciba Geigy, India were mixed together in a ratio of 10:1 by weight. The epoxy resin was modified using gamma alumina nanoparticles of average particle size of 20 nm, supplied by M/S Nanobeach, India. Fig 1 shows the SEM image of the agglomerated alumina nanoparticles before dispersion in the matrix. The modified epoxy was then reinforced with glass fibre to form composites. The glass fabric used was a unidirectional sheet of 220 GSM (Style; 92145) purchased from P-D Interglas Technologies, Erbach.
Preparation of composite laminates
The base resin in the stoichiometric amount was used as the starting matrix and it was modified by the alumina nanoparticles. Alumina nanoparticles in different proportions (0.2 wt%, 0.4 wt% , 0.6 wt%, 0.8 wt% 1.0 wt% and 1.2 wt %) were added slowly to resin and then mechanical stirring was done for about 30 minutes. After the mechanical stirring, modified epoxy solution was subjected to the ultrasonification for about 30 minutes. Sonification is done to speed dissolution, by breaking intermolecular interactions of the nano particle and intercalation of monomer into interlayer galleries. The solution was mixed with the hardener and stirring up to 5 -10 min was repeated. The process is continued with laying-up individual sheets of unidirectional glass fibres in an open mold. The material is then covered with release film and a vacuum bag. A vacuum is then pulled on the part. The vacuum assists in removing any trapped air from the laminate. The laminates were cured by leaving them at the ambient temperature for 24 hours. Fig 2 shows the laminate obtained after curing.
Fig 2. Laminate obtained after curing
To generate the base line data, glass fiber reinforced epoxy lamina without nanoparticles were also prepared. Care was taken that all the material system were processed under same condition using the same sequence of operations and, the sample were cut from the lamina at different fiber orientations such as 0 o (longitudinal direction), 45 o and 90 o (transverse direction) . The specimens for the short beam shear test were machined from the laminates to the following dimensions: Length: 48mm, width: 16mm, thickness: 8mm. All the samples prepared were of the same dimensions.
Measurements
Following the ASTM D-2344 standard, the short beam shear (three point bending) test was conducted on a universal testing machine under 25KN load cell with a cross head speed of about 1 mm/min. Span to thickness ratio was maintained at 4. The apparent interlaminar shear strength (ILSS) was calculated from the classical beam equation given below. τ = 3P/4bh.
Results and discussions
Two different types of the composite materials are fabricated based on matrices: a) unmodified epoxy/glass fibre reinforced composites b) Alumina filled epoxy/glass fibre composite with the different filler concentrations, are tested for the ILSS properties at different fibre orientation. The compositions for the different specimen are provided in the table 1 and the results for the interlaminar shear strength obtained from the tests are shown in the fig. 3 . The results show that, an addition of the alumina nanoparticles up to 0.8wt% increases the interlaminar shear strength of the composite in all the directions of the fibres and further addition up to 1.2wt% decreases the interlaminar shear strength. The modification of the epoxy matrix by the alumina nano particles is effective in improving load transfer between glass fibre and epoxy matrix since nano particles can form bridging between fibres and matrix. At low concentration, alumina nanoparticles exhibit uniform dispersion in epoxy. The improved dispersion of the alumina nanoparticles in epoxy resin results in improved ILSS, as compared to neat epoxy/glass fibre composite. At higher concentrations, the alumina nanoparticles agglomerate, which results in weak bonding and the material, fails at agglomerated particles. 
Conclusion
In this paper, an experimental study on the interlaminar shear strength of alumina nanoparticles filled epoxy/glass fibre composite at different fibre orientation of the laminate is presented. The result indicates that ILSS of the epoxy based composite may be enhanced in all the directions of fibre orientations by the inclusion of alumina nanoparticles. In addition, the enhancement of ILSS in the different fibre orientation of the laminate is also studied and it is found to have variations. This variation is due to the dominant properties of fibres and matrix at different fibre orientation. Thus, a large difference in the enhancement of ILSS can be found for different fibre orientation of the laminate.
Hence, to obtain a best possible design, the properties of the composite laminate at different fibre orientations are to be considered as continuous variables in a design process. In this work, only 0 0 , 45 0 & 90 0 fibre orientation is investigated for the design of laminates.
